tensive care unit patients who develop AKI is 5-fold higher than in patients without such a complication [1] [2] [3] [4] [5] [6] [7] .
The large variations in the reported incidence and mortality rates probably reflect the lack of a uniform definition for AKI. The Acute Dialysis Quality Initiative Working Group suggested standardizing the definition of AKI in adults, using a new system to classify the clinical symptoms of the condition and laboratory markers of kidney function [2, 8, 9] . The consensus classification RIFLE (risk, injury, failure, loss, and end-stage renal disease) defines three grades of severity [risk (class R), injury (class I) and failure (class F)], and two classes of clinical outcome (loss and end-stage kidney disease). The RIFLE criteria, based upon determinations of serum creatinine, are a useful way of assessing successive stages of insufficiency development, but creatinine measurements have a too low sensitivity for detecting early intrarenal lesions [1, 9, 10] .
The devastating course of AKI explains the growing interest of clinicians in effective protection against the consequences of the disease, based upon its early detection and assessment of the clinical course and prognosis, allowing institution of effective treatment [11, 12] . A particularly acute diagnostic problem is the lack of biochemical markers for early kidney injury that are sensitive and easily applicable in clinical practice and may help to predict the development of AKI.
Pathogenesis and Development of AKI
AKI is characterized by a sudden reduction in the glomerular filtration rate (GFR) as well as slow and permanent loss of the most affected nephrons. The main cause is the acute apoptosis of renal tubular cells. In some 80% of AKI patients, necrosis of tubular cells is found, but not acute disease of glomeruli or parenchyma. In clinical practice, the terms AKI and acute tubular necrosis (ATN) are often mistakenly used as synonyms. The term ATN must be limited to the condition which is confirmed by renal biopsy and that is often impossible in critically ill patients [4, 5, 9, 12, 13] .
Epidemiologic studies have revealed a wide variety of etiologic and risk factors for AKI and their association with chronic kidney disease. ATN may result from oxygen deficiency (e.g. shock, extensive surgical procedures on the major blood vessels and heart, kidney transplantation), septic or toxic kidney injury (e.g. by radiocontrast agents or antibacterial, antimycotic or cytotoxic drugs) [1, 4, [13] [14] [15] .
Ideal Biomarker for Diagnosing AKI
Over the last decade, numerous new markers, measured in blood and urine, satisfying specific requirements for diagnosing AKI have been presented [2, 4, 11, 13, 15, 16] .
An ideal biomarker for AKI should: (1) be highly organ-specific and allow differentiation between intrarenal, prerenal and postrenal causes of AKI and acute renal glomerular injury. In clinical practice, the best available test as yet for the differentiation of intrarenal AKI from prerenal lesion has been the fractional excretion of filtered sodium and urinary sediment assessment. In prerenal lesion, the sediment is normal while in intrarenal injury, it contains epithelial cells from tubules, and granular, leukocyte and waxy casts; (2) allow recognition of the etiology of AKI (hypoxia, toxins, sepsis, or a combination of these factors); (3) correlate with the histological findings in kidney biopsy specimens; (4) be site-specific to detect early injury and identify pathological changes in various segments of renal tubules (the pathogenesis of AKI involves injuries affecting different sites within renal tubules); (5) correlate with the degree of tubular injury and have high sensitivity for early detection of minor changes and the onset of more severe damage. Such a marker should be detectable throughout the entire course of AKI with defined threshold values to assess progression and regression of renal injury. So far, there has been no good method for differentiating benign, mild, moderate, or severe renal dysfunction; (6) the investigation should be noninvasive, and (7) the relevant laboratory tests should be simple and quick to perform, accurate, reliable, inexpensive and commonly available allowing serial assessment of a large number of samples.
Biomarkers of AKI Measured in Serum
Nitrogenous compounds accumulated in blood, blood urea nitrogen (BUN) and serum creatinine are routinely used standard markers for early stages of AKI. In clinical practice, AKI is detected when serum creatinine concentrations increase over a short period of time, with or without oliguria. Measurements of markers for AKI in serum may be especially useful in patients with severe oliguria and potential changes in urinary biomarker concentra-tions induced by hydration status and diuretic therapy [1, 2, 17] .
However, increasing evidence from published studies indicates that the creatinine concentration is not a decisive marker in diagnosing AKI [1, 7, 10, 18, 19] : (1) elevated serum creatinine concentrations are not specific for AKI and require differentiation from other prerenal or extrarenal causes of azotemia; (2) serum creatinine concentrations are not specific for renal tubular lesions, pathogenetically related to AKI development, but seem to reflect the loss of glomerular filtration function, accompanying the development of AKI; (3) increases in serum creatinine are detected later than the actual GFR changes as creatinine accumulates over time; (4) serum creatinine is a poor marker of kidney dysfunction as changes in its concentrations are neither sensitive nor specific in response to slight GFR alterations and become apparent only when the kidneys have lost 50% of their functional capacity, and (5) changes in serum creatinine may be influenced by other factors, which are not directly related to kidney damage, such as age, sex, body mass, and hydration and nutritional status. Neutrophil gelatinase-associated lipocalin (NGAL), a 25-kDa protein covalently bound to gelatinase from human neutrophils and determined in serum, has emerged as a sensitive, specific and highly predictive early biomarker for AKI. Serum NGAL measurements predict AKI following cardiopulmonary bypass and radiocontrast agent administration and are a highly sensitive but nonspecific predictor of AKI in critically ill children with septic shock. In the early phases of AKI from diverse etiologies, NGAL accumulates within 2 distinct pools, namely a systemic and a renal pool. Additional contributions of this parameter to the systemic pool in AKI may derive from neutrophils, macrophages and other immune cells. Besides, a decrease in the GFR resulting from AKI would be expected to decrease the clearance of NGAL with further accumulation in the systemic pool. Serum NGAL concentrations greater than 25 g/l reliably predicted AKI in children [17, 20, 21] .
Cystatin C, determined in serum, is an endogenous marker of kidney function, detected earlier than creatinine. It is both to help diagnose renal dysfunction and to identify progress of AKI. Cystatin C is a nonglycosylated protein, an endogenous inhibitor of cysteine proteinases, produced by all nucleated cells of the body and released into the bloodstream at a constant rate. Serum cystatin C concentrations are independent of age, sex, race, body mass and hydration level, and may be measured by a simple nephelometric method. A relatively high concentration in body fluids, low molecular weight (13.3 kDa), and positive charge of the protein molecule facilitate its free glomerular filtration into primary urine. It is completely reabsorbed and catabolized in proximal tubular cells. Due to the constant rate of its production, the assessment of serum cystatin C concentrations may be a marker of glomerular filtration, which is not affected by infection, liver disease or inflammation [2, 4, 22] .
Serum concentrations of cystatin C may be used to detect renal dysfunction in critically ill patients with AKI 24-48 h earlier than creatinine measurements. However, cystatin C is not diagnostically specific for AKI, because it is an early marker of impaired glomerular filtration rather than of tubular lesion [4, 18] .
Recently, many authors have proposed serum uric acid measurements for early detection and assessment of AKI development. Much is known about the association between hyperuricemia and acute urate nephropathy, but increased serum concentrations of uric acid have also been demonstrated in many other types of AKI. Since elevated serum uric acid concentrations result from its increased production (the effect caused by ischemia, for example) as well as decreased glomerular filtration which reduces its excretion with urine, it is believed that uric acid detected in serum may be a simple marker of imminent onset of AKI.
The increased glomerular filtration of uric acid into primary urine results in supersaturation of intratubular fluid with uric acid, its crystallization with subsequent occlusion of the tubular lumen, and development of local kidney inflammatory response, with infiltration by inflammatory cells. Uric acid is not only a diagnostic marker, but also a biologically active indicator of intrarenal injury to the microvasculature, a potent regulator of endothelial NO levels, and inhibitor of proliferation and migration of epithelial cells, causing endothelial cell apoptosis and stimulation of the proinflammatory agents: monocyte chemoattractant protein 1 and C-reactive protein [23, 24] .
Urine as Clinical Material for the Detection of Biomarkers for AKI
Urinanalysis is a traditional noninvasive method used to diagnose, characterize the course of, and predict the clinical outcome of numerous renal diseases. Recently, the usefulness of new laboratory markers determined in urine for diagnosing AKI has been assessed. Some of these enzymes and proteins are well known in the medical laboratory as they have been routinely used in other diagnostic tests while some were investigated in recently published studies, aiming at finding markers specifically related to AKI. The latest markers are genes, which are induced early after ischemia, obtained under experimental conditions in cell cultures or tests on animals. The progress of molecular biology techniques, such as urine proteome analysis, offers a reliable tool for the investigation of protein spots, which are directly related to the pathogenesis and development of AKI [7, 11, 19] .
The biomarkers of AKI measured in urine should have the following characteristics: (1) diagnostic specificity for detecting lesions of renal tubules; (2) allow early detection of kidney lesions (before increases in serum creatinine and BUN are observed); (3) their urine concentrations must correlate with acuteness of renal disease; (4) allow prediction of disease development and unfavorable clinical outcome, and (5) facilitate prompt decisions to select the best treatment option(s). AKI markers proposed in the scientific literature may be classified into 3 groups: (1) enzymes released from necrotic/apoptotic, damaged or dysfunctional renal tubule cells and excreted into urine; (2) urinary low-molecular-weight proteins ( ! 40 kDa), whose presence in urine reflects their impaired reabsorption from primary urine by proximal tubular cells, and (3) proteins specifically produced in the kidney in the course of AKI, shown in experimental studies on animal models and in humans, using advanced technologies (genomics, proteomics) to search for genes and their products as AKI markers.
Urinary Enzymes of Renal Origin
So far, there have been many attempts to use enzymes released from damaged tubular cells and excreted into urine as markers of kidney damage. An obvious diagnostic benefit of determining tubular enzymes in urine results from the fact that they are produced in distinct locations in the cell internal structure, such as the cytoplasm, lysosomes or cell membrane. Accordingly, their measurements may provide detailed information about the nature, size and site of the damage to tubular cells and their possible necrosis or dysfunction [4, 5] .
Alkaline phosphatase, ␥ -glutamyl transpeptidase, and alanine aminopeptidase are enzymes of the brush border. Their increased excretion into urine reflects damage of the brush border membrane, with loss of the microvilli. A technical difficulty in the determination of the enzymes is related to their relatively low stability (the measurement must be performed within 4 h after urine collection), and the need to remove interfering substances from the urine sample by filtration through a chromatographic column before the actual analysis is performed [5] .
Isoenzymes of glutathione transferase (GST) are cytoplasmic enzymes. GST-␣ is formed in epithelial cells of the proximal tubule and GST-in the distal tubule. Increases in urinary excretion of GST-␣ and GST-, which may be different for each, may indicate the location of the lesion. In critically ill patients with AKI, high sensitivity and specificity of the enzymes have been demonstrated. They are predictors of unfavorable AKI development requiring kidney replacement therapy. Correct storage of urine samples for GST measurements requires addition of agents stabilizing the enzyme activity [4, 5, 13, 25] .
N-acetyl-␤ -D -glucosaminidase (NAG), a lysosomal enzyme, the most active glucosidase in lysosomes of proximal tubular epithelial cells, is a specific urinary marker for the tubular cells because of its relatively high molecular weight ( 1 130 kDa) which precludes filtration of the enzyme by glomeruli. In the course of active kidney disease, urinary NAG levels remain persistently elevated. The increase in urinary NAG activity indicates damage to tubular cells, although it can also reflect increased lysosomal activity without cellular damage [4, 6] .
Excretion of the enzymes with urine is a very sensitive marker of damage to renal tubules, and appears to be directly correlated with increased serum creatinine concentrations and reduced GFR. Enzymuria occurs sooner and is a more sensitive diagnostic marker than tubular proteinuria. It may also be useful for determining the time that elapsed from the moment the damage occurred as significant increases in alanine aminopeptidase and cysteine-rich protein 61 (CYR61) are observed as early as the first day of kidney injury, decreasing in the later phase of the disease, despite continued injury. In spite of a clear association between enzymes excreted into urine and site-specific lesions to nephron cells, the predictive value of enzyme concentrations for AKI development is relatively low. The usefulness of enzymuria as a marker is limited by very low sensitivity thresholds for release of tubular enzymes, which admittedly indicate the injury to tubular cells, but do not identify the cause or reversibility of that process. It seems that using the highly sensitive enzymes of renal tubules for the detection and monitoring of kidney lesions in patients with AKI is justified in the earliest phase of the disease, when the patient is admitted to hospital or up to 4 days before standard blood markers of kidney function increase. Such investigations may identify patients at high risk of developing AKI, allowing earlier introduction of therapy.
The use of NAG determined in urine as a marker of kidney lesion in the course of AKI deserves particular attention. Similarly to other enzymes of tubular origin, it is too sensitive for diagnosing AKI, although a high NAG activity in urine, persisting over a longer period, has been correlated with worse prognosis of disease development and need for kidney replacement therapy. The example of this enzyme raises the question of whether a change in establishing diagnostic sensitivity thresholds for other enzymes may also effect a change in the interpretation of their presence in urine in the course of AKI.
Enzymatic activity in urine is determined by routine, cheap and widely available laboratory methods with the use of specific substrates for each enzyme, while the variations in absorbance of the hydrolysis products are measured spectrophotometrically. However, separate measurement of the ␣ and isoforms of GST in urine requires the use of ELISA. Rapid inactivation of the enzymes in urine samples requires special conditions for the collection and storage of material before the measurements are performed [4, 5, 13, 25] .
Urinary Low-Molecular-Weight Proteins
Low-molecular-weight proteins ( ! 40 kDa), produced by most cells of the body and excreted into the bloodstream, undergo free filtration into primary urine, and complete reabsorption in proximal tubular cells. Increased urinary concentrations of these proteins (tubular proteinuria) may be a practical indicator of overloading the tubular cells with proteins or of their lesion and dysfunction. The low-molecular-weight proteins which have been best characterized for detecting lesions of proximal tubules are ␣ 1 -and ␤ 2 -microglobulin, retinol-binding protein (RBP) and cystatin C [4, 13, 19, 26] .
␣ 1 -Microglobulin (molecular weight 31 kDa) is a protein synthesized by the liver and readily bound to serum immunoglobulin A. Only its free unbound forms are filtered by the glomerulus and reabsorbed in proximal tubular cells.
␤ 2 -Microglobulin (molecular weight 12 kDa) is a protein homologous to histocompatibility antigens, filtered freely by the glomerulus into primary urine. Increased urinary concentrations of ␤ 2 -microglobulin have been demonstrated with nephrotoxic agents (radiocontrast agents) or hypoxia caused by extensive cardiosurgical procedures or kidney transplantation, but it is a poor predictor of need for kidney replacement therapy. A technical difficulty involved in the determination of ␤ 2 -microglobulin in urine is instability of the protein at pH ! 6 and alkalization of collected urine samples is required.
RBP (molecular weight 21 kDa) is a protein bound to some degree to plasma prealbumins, transporting vitamin A. It is easily filtered by the glomerulus, and almost completely reabsorbed in proximal tubules. Even a minor reduction in the renal tubule function may lead to increased excretion of the protein with urine. An advantage of RBP over ␤ 2 -microglobulin as a biomarker is RBP stability at low pH values.
Cystatin C (molecular weight 13 kDa) is easily filtered by the glomerulus, and reabsorbed and catabolized, but not secreted by renal tubules. Cystatin C is measured in urine in trace amounts and is not affected by nonrenal factors, such as age or body mass. As it is not subject to the circadian variations, cystatin C may be determined in single urine samples. The urinary cystatin C:creatinine ratio is a good indicator of renal tubular dysfunction. With impaired renal tubular function, urine cystatin C concentrations may increase up to 200-fold. Increased excretion of cystatin C in the urine of patients with AKI may predict unfavorable AKI development and need for kidney replacement therapy as soon as the initial phase of the disease, without oliguria, providing a chance of preventing progression of the disease. High stability of cystatin C has been demonstrated under routine storage conditions.
It is presumed that tubular proteinuria is a better predictor than enzymuria of need for kidney replacement therapy in the course of AKI [13] . Measurements of urinary concentrations of low-molecular-weight proteins are performed by ELISA.
AKI Markers Specifically Produced in the Kidney
Specific biomarkers for AKI determined in urine can be classified into three categories.
(1) Protein Products of Genes Specifically Related to AKI
Experimental research carried out in cultures of human proximal tubular cells, as well as in animals, revealed genes, which undergo early induction and manifold increase after ischemia. Protein products of these genes [CYR61, NGAL, kidney injury molecule 1 (KIM-1)] may serve as new markers for the assessment of AKI [2, 12, [27] [28] [29] .
CYR61 is a cysteine-abundant heparin-binding protein, a member of the family of extracellular growth factors. It displays local action, is closely attached to the cell and extracellular matrix. As a signaling molecule it is capable of performing many functions and plays a protective role in the processes of repair and neovascularization.
As a consequence of kidney ischemia CYR61 mRNA is induced in proximal tubular cells, while CYR61 is excreted with urine. In experimental studies, the increases in urinary CYR61 concentration occurred approximately 3-6 h after a 30-min kidney ischemia, with a peak after 6-9 h. Elevated levels were maintained for 24 h and decreased on follow-up, despite the persistence of lesion. Due to a fast induction, urinary CYR61 concentration may be an early marker of renal lesion, helpful for establishing effective protective therapy [4, 28, 30] .
NGAL is expressed in very low concentrations in numerous human tissues, including the kidney. In the kidney, the NGAL gene is strongly induced after its injury by ischemia, sepsis or nephrotoxins. In the postischemic kidney, NGAL is upregulated in many segments of the nephron, with accumulation mainly in the proliferating cells of the proximal tubule. The biological role of NGAL remains unclear. NGAL might be expressed by the damaged tubule to induce re-epithelization and to reduce apoptosis. A protective effect of NGAL may probably result from the participation of the protein in binding, transport or storage of ferric complexes [4, 11, 27] .
Experimental studies demonstrated the effect of the severity and duration of kidney ischemia on increases in urinary concentration of NGAL. In humans, increased NGAL expression has been demonstrated as early as 2 h after a cardiosurgical procedure, while increased NGAL concentrations in urine preceded increases in serum creatinine. In adults with AKI, a 10-fold increase in NGAL serum concentrations has been demonstrated as well as more than a 100-fold increase in its urinary levels. NGAL concentrations in both serum and urine correlated with serum creatinine concentrations. Such observations allow the hypothesis that the concentration of NGAL in urine is a sensitive, highly predictive, early marker, differentiating acute prerenal insufficiency from AKI or chronic renal disease [2, 7, 12, 17, 27, 32] .
KIM-1 is a recently detected protein of tubular origin. In a healthy kidney, KIM-1 is not detectable, whereas under experimental conditions, employing molecular biology techniques, KIM-1 has been recognized, both in animals and in humans, as having the features of a marker of ischemic and toxic acute injury of proximal tubular cells. KIM-1 is a type 1 transmembrane protein with extracellular immunoglobulin and highly O-glycosylated mucin subdomains. The extracellular ectodomain of KIM-1, detached by metalloproteinases and excreted into urine, is a quantitative marker of AKI. The increased expression and enhanced synthesis of KIM-1 occur mainly in the areas of tubulointerstitial lesions, with inflammation and fibrosis. In acute proteinuria, the induction of KIM-1 in tubules increases. On the other hand, due to the ability to interact with other proteins, it may actively modulate the processes related to damage or repair.
The ectodomain of KIM-1 in urine is a promising, sensitive, and specific marker of AKI in humans, virtually unaffected by the physical and chemical properties of urine and urine components. At least a 5-fold increase in KIM-1 levels in urine was demonstrated, as early as the first day after toxic lesion of renal tubules, whereas BUN and serum creatinine levels increased as late as the third day. A substantial increase in KIM-1 excretion with urine occurs a few hours after cardiosurgical procedures. Increased excretion of KIM-1 with urine is more specific for ischemic kidney injury and is practically independent of the type of chronic kidney disease or urinary tract infection. A high concentration of KIM-1 in urine predicts compromised outcome in patients with AKI [2, 4, 11, 15, 29, 33, 34] .
(2) Urinary Cytokines and Chemokines
The immune response plays a key role in the pathogenesis of ischemic damage to the kidney in AKI. It involves inherent demand for increased renal production of mRNA as well as related proinflammatory chemokines and cytokines. In most studies, cytokines are determined in serum or plasma, although their measurement in urine may be a simpler and easier alternative. Cytokines and chemokines are nonspecific parameters as they also increase in sepsis and diseases of the liver and lungs, without accompanying kidney injury. The prognostic role of urinary cytokine measurements is unclear in various stages of the disease, as is their role as predictors of fatal outcome in critically ill patients. Gro-␣ and IL-6, IL-8 363 and IL-18 are these urinary cytokines which are thought to be especially suitable for the diagnosis of AKI [11, 19] .
Gro-␣ is a human analogue of mouse keratinocytederived chemokine. In kidney injury, experimentally induced in mice, increased concentrations of keratinocytederived chemokine in serum and urine occurred as the first, and were maintained the longest among the 18 selected cytokines and chemokines. The concentrations of keratinocyte-derived chemokine in serum and urine reached their peak levels 3 h after ischemia, whereas histological changes were evident after 1 h and serum creatinine concentrations increased as late as 24 h after the initial ischemic renal insult.
Determination of Gro-␣ in urine is believed to be a marker for early diagnosis and prediction of development of ischemia-induced AKI. The urinary Gro-␣ concentrations increased significantly in kidney transplant patients who required dialysis but not in subjects with good graft function [16] .
IL-18 is a proinflammatory cytokine, a mediator of inflammation and ischemic tissue damage in many organs. It may act as a neutrophilic attractant and plays an important role in the pathophysiology of sepsis. Experimental studies in animals with induced acute ischemic tubular necrosis revealed that caspase-1-mediated activation of intracellular IL-18 is responsible for kidney injury in the course of AKI, regardless of the role of neutrophils. The source of caspase-1 and IL-18 in AKI are ischemic cells of the proximal tubule [2, 4, 35, 36] .
IL-18 determined in urine is a simple, reliable, accurate, and inexpensive test for the early detection of kidney injury caused by ischemia or nephrotoxins, which allows exclusion of prerenal azotemia, chronic kidney disease and urinary tract diseases. It is a valuable tool to diagnose the severity of AKI and the probability of fatal outcome in critically ill patients without sepsis. IL-18 determination in urine has a sensitivity and specificity of 1 90% for diagnosing AKI in humans. Increased urine IL-18 concentrations in a heterogeneous population of critically ill adults, and in children after cardiosurgical procedures occurred 24-48 h before diagnosing AKI and were related to aggravation of the condition [2, 17, 37, 38] .
(3) Structural and Functional Proteins of the Renal Tubule
An important cause of structural, biochemical, and functional lesion of proximal tubular cells in AKI is the depolymerization of actin. The lesion of tubules in the course of AKI is also manifested by increased excretion with urine of sodium transporters, placed along the nephron, mainly Na + /H + exchanger isoform 3 (NHE3) [4, 19] .
F-actin. The apical membrane of proximal tubular cells is extremely sensitive to ischemia, reacting by rapid (within 5 min), duration-dependent structural alterations, resulting from depolymerization of actin contained in the microvilli. Actin-depolymerizing factor (ADF), a 19-kDa phosphorylated protein-binding actin, is responsible for the control of actin rupture dynamics. Ischemia causes pH drop with generalized protein dephosphorylation. The pH-dependent process of ADF dephosphorylation activates that protein, which is subsequently responsible for attachment, depolymerization and detachment of F-actin in the apical part of the cell, being the cause of microvillous destruction. Under physiological conditions, neither ADF nor actin is detected in urine, while after 30 min of hypoxia the urine samples were found to contain both [39] .
NHE3 is the most abundant sodium transporter in renal tubules, located in the apical membrane and subapical endosomes of renal proximal tubular cells, responsible for 60-70% of reabsorption of the filtered sodium and bicarbonate.
The observed drop in tubular sodium reabsorption in the course of AKI suggested that the profile of sodium transporters placed along the nephron may be a useful urinary marker used for the detection and classification of AKI. Reduced expression of NHE3 in the kidney and a significant correlation between urinary excretion of NHE3 and clinical features of AKI in experimental ATN suggest the loss of that sodium transporter with urine. Increased urinary NHE3 protein excretion may be regarded as a specific marker of acute tubular lesion, used to differentiate ischemic or toxic AKI from other kidney diseases and prerenal lesions [4, 11] .
The recently discovered urinary proteins which are markers for AKI are mainly used in experimental studies. Determination of these markers in the medical laboratory requires sensitive, specific and relatively costly immunological methods. Before they are used in practice, the parameters will be subject to numerous validation processes. Guidelines must be developed for standard collection and storage of urine samples. The importance of quick centrifugation of urine after collection is stressed, along with addition of commercially available inhibitors of serine proteases to the supernatant as well as freezing samples and storing them at -80 ° C until determinations are made [6] .
Combination of Serum and Urinary Biomarkers for AKI
It is now a common opinion that there is no single marker to identify damage to different sites within the kidney, assess its severity and predict the clinical course. A more popular approach is to propose instead of a single biomarker a panel of marker proteins to assess renal tubular (dys)function and identify affected segments of the nephron. These proteins differ in their source of origin, expression in the kidney and concentration in urine. The investigations also differ in sensitivity and specificity, technique and cost.
The established panels may find application in several areas [4, 11, 13, 15, 27, 28] : (1) distinguishing the types and etiology of AKI; (2) differentiating between benign, mild, moderate or severe forms of acute renal insufficiency, and (3) defining the time of onset of kidney injury, duration of AKI and prognosis of renal injury regression.
The most promising panels of markers determined in serum and in urine seem to be the following [6, 17, 40, 41] .
• For the differentiation and early diagnosis of AKI:
-increased concentrations of cystatin C in serum, and of IL-18, cystatin C, and KIM-1 in urine, -increased concentrations of cystatin C in serum, and of IL-18, NGAL, GST-in urine.
• For predicting progress of AKI:
-increased concentrations of actin, IL-6, and IL-8 in urine,
-increased concentrations of actin, IL-6, IL-8, and ␥ -glutamyl transpeptidase levels in urine.
• For assessment of severity of AKI:
-increased NAG levels and KIM-1 concentrations in urine.
• For predicting mortality in AKI:
-increased concentrations of KIM-1 and IL-18, and increased NAG levels in urine. In conclusion, it should be stated that AKI is a continuing problem in clinical medicine, associated with high incidence and mortality. Despite intense search, no single ideal biomarker for AKI has yet been found. The standard laboratory diagnosis of AKI is so far based upon the determination of serum creatinine concentrations but it has proved to be imperfect and insufficient. The proteins determined in serum and urine described above are a clear step forward in the development of science and practice of medicine with potential impact on treatment outcomes on nephrology wards and intensive care units. They are eminent candidates for markers useful in diagnosing AKI, predicting its progress and choosing the best management. At the present stage, however, they require validation and trials in large patient populations.
